Mesoscale convective systems (MCSs) climatology, the thermodynamic and dynamical variables, and teleconnections influencing MCSs development are assessed for the Paute basin (PB) in the Ecuadorian Andes from 2000 to 2009. e seasonality of MCSs occurrence shows a bimodal pattern, with higher occurrence during March-April (MA) and October-November (ON), analogous to the regional rainfall seasonality. e diurnal cycle of MCSs shows a clear nocturnal occurrence, especially during the MA and ON periods. Interestingly, despite the higher occurrence of MCSs during the rainy seasons, the monthly size relative frequency remains fairly constant throughout the year. On the east of the PB, the persistent high convective available potential and low convective inhibition values from midday to nighttime are likely related to the nocturnal development of the MCSs. A significant positive correlation between the MCSs occurrence to the west of the PB and the Trans-Niño index was found, suggesting that ENSO is an important source of interannual variability of MCSs frequency with increasing development of MCSs during warm ENSO phases. On the east of the PB, the variability of MCSs is positively correlated to the tropical Atlantic sea surface temperature anomalies south of the equator, due to the variability of the Atlantic subtropical anticyclone, showing main departures from this relation when anomalous conditions occur in the tropical Pacific due to ENSO.
Introduction
Precipitation in tropical South America (TSA) is modulated by the spatial oscillation of the intertropical convergence zone (ITCZ), and an important fraction of this precipitation is generated by organized convection in the form of mesoscale convective systems (MCSs) [1] [2] [3] . MCSs are defined as groups of organized convective storms lasting at least 3 hours [4] , producing high rates of precipitation, which enhance the likelihood of flooding [5] . MCSs have also been linked to flash floods and rainfall-induced landslides [6] , negatively impacting the infrastructure and socioeconomic welfare. e interaction of the prevailing air flow with the eastern inter-Andean region triggers convection and the development of MCSs. In summary, MCS-related precipitation impacts the regional distribution of water, the infrastructure and management of water resources, and the use of water by humans and ecosystems.
e climate in Ecuador presents a high spatiotemporal variability. For instance, the Andes cordillera in Ecuador acts as a weather divide [7] , which also modulates precipitation regimes and seasonality. In the coastal region on the west side of the Andes range, precipitation is influenced by the ITCZ, with one rainy season peaking between December and May and the South Pacific anticyclone inhibiting precipitation during the second half of the year [7] . e Pacific Ocean sea surface temperature, especially over the Niño 1 + 2 region, and the Southeast Pacific anticyclone have been related to interannual variability of temperature and rainfall in this region mostly related to El Niño-Southern Oscillation (ENSO) [7] . Eichler et al. [8] found that, during the warm phase of the ENSO, precipitation synoptic-scale variability during the wet season December-February (DJF) was linked to the activity of northern hemisphere extratropical cyclones. On the contrary, climate in the Amazon is mostly affected by convection activity related to the ITCZ [9] and the relatively higher humidity as well as easterly winds that produce orographic precipitation on the eastern flanks of the cordillera [10] . erefore, the Amazon region of Ecuador is rainy along the year, with two main rainy seasons from February to May and from October to November [11] . Despite the potential impacts of the MCS on societal aspects, studies on the MCS in Ecuador are limited. Previous studies have documented the existence of katabatic cold air flows descending from the high Andean mountain region. is downslope flow encounters warm, moist air from the Amazon basin, leading to the formation of unstable convective clouds [12, 13] . Over the foothills of the southeastern Andes in Ecuador, Bendix et al. [14] showed the occurrence of convective clouds late afternoon and the nocturnal enhancement of cell development from 1:00 to 4:00 LST during the austral summer. e late afternoon mesoscale convective complexes (MCCs) are related to typical thermal convection [14] . In the study by Bendix et al. [14] , the frequency of the MCC weakens at 1 h and strengthens again at 4 h, which is the second phase of MCC development (less frequent than thermal-induced MCCs). e MCCs formed on the second phase, which are related to katabatic flows, are responsible for the early morning rains [14] . As climate variability is complex in Ecuador, the variability of MCSs arises in several scales. For instance, the topographic influence is evident in the diurnal cycle of MCSs, whereas the influence of the ITCZ may be revealed in intra-annual time scales, which in turn may be modulated at intra-annual time scales for phenomena such as the 3-to 11-year quasi-oscillating ENSO.
In this paper, we study the spatial-temporal distribution of MCSs over the Paute basin, which is one of the most monitored basins in Ecuador. e Paute basin is strategically important because it harbours several important hydropower generation plants, accounting for nearly 40% of nation's hydroelectrical production. Furthermore, several cities in the region depend on the PB for their water services. Nearly 40% of the basin area is covered by páramo, a neotropical alpine wetland that occurs in the upper Andean region of Venezuela, Colombia, Ecuador, and Perú [15] . e soil-vegetation system of the páramo is considered an important water-regulating ecosystem that helps to regulate downstream water needs during the low precipitation seasons, although some authors argue that seasonal rainfall variation in these regions is low (e.g., Buytaert et al. [16] ). From a scientific perspective, the PB is an important zone because of its complex spatial-temporal climate variability due to the complex topography [11, 17] .
To contribute to the understanding of MCSs in the interAndean region of Southern Ecuador, the present study estimates the climatology of MCSs and their climatological thermodynamic and dynamical related variables such as the convective available potential energy (CAPE), convective inhibition (CIN), and Omega and provides an initial exploration of the most relevant teleconnections affecting interannual variability of MCS occurrence in the Paute River basin. Based on the previous research, a relationship between MCS occurrence and the seasonality of rainfall in the Paute basin is expected. As a consequence, the study of the relationship between different climate signals and precipitation, which will be called precipitation teleconnections from now on, is a key step to unravel the climatic drivers which are most relevant for MCS occurrence.
Study Area
e Andes cordillera in Ecuador stretches between 2°N and 5°S latitude and includes an inter-Andean depression with an elevation around 2500 m ASL, including peaks over 6000 m ASL (e.g., Chimborazo Glacier, 6270 m ASL). e complex topography, the influence of the ITCZ, and the influence of Pacific and Atlantic Ocean SST result in complex climatic spatial gradients [18] .
e easterlies enhance precipitation along the windward side of the Andes (eastern slopes), which is also the case for the Paute basin (PB, an area of 6481 km 2 ) [10] . In addition, in the PB, the western cordillera is higher than the eastern cordillera sheltering the PB from the coastal plain circulation. is study is part of a larger research project aiming to study the influence of MCSs on the precipitation over the PB, in which an area of 150 km radius from the Paute station (2.8°S, 78.76°W, 2194 m ASL) was designated as the study area (Figure 1 ). To determine the radius of 150 km, the time resolution of GridSat data (3 hours) together with the average travel speed of clouds (50 km/h) was considered.
e selected region allows to detect MCSs that developed over (i) the PB and (ii) the coastal plains west of the PB and (iii) from the Amazon region east of the PB. e elevation of the PB ranges between 900 and 4200 m ASL. Precipitation variability in the PB can be classified into three distinctive regimes [11] . Over the inter-Andean valleys, there is a bimodal (BM) regime, related to the ITCZ passage, with the rainy months in the periods March-April and October-November. Along the eastern slopes of the eastern cordillera, the precipitation regime is rather uniform with a unimodal (UM) peak in July, coinciding with the relatively drier season of the BM regime. ese regions are directly exposed to strong easterlies, bringing moist air from the Amazon during boreal summer, fostering the formation of orographic clouds and precipitation. e transition zones between the UM and BM regimes have been related to a third precipitation regime (TM) [11] . Annual precipitation in the UM regions varies between 1100 and 3400 mm, between 660 and 1100 mm in the BM inter-Andean valleys, and between 1000 and 1800 mm in the high mountain BM regions [17] .
e temperature in the Andes region of Ecuador is highly correlated with the sea surface temperature anomalies (SSTA) in the tropical Pacific in El Niño 3 2
Advances in Meteorology and 3.4 regions with a one-month lag [19] . However, in the PB, due to the wide range of altitudinal gradients, the temperature is highly variable [17] , with an average daily temperature of 6°C in El Labrado station, situated on the western cordillera, and 24°C in the inter-Andean valleys.
Data
MCS detection was based on the infrared window (IRWIN) channel (near 11 μm) brightness temperature (BRT) of the GridSat-B1 data set [20] . e GridSat-BRT data are on a latitude equal-angle grid with a 0.07-degree spatial resolution and a spatial extent of 70°N to 70°S. ey are available from 01 Jan 1980 to present with a temporal resolution of 3 hours. For this study, we used the spatial subset covering 85°W to 69°W and 15°S to 5°N (Figure 2 ) and selected the period 01 Jan 2000 to 31 Dec 2009 which contains 29, 224 images.
e temporal resolution of the GridSat-B1 data certainly speaks against their use for the detection of the MCS, especially if one wants to make statements about their life cycle, for example, the study of Rehbein et al. [21] with focus on the Amazon basin in the region between 44.96°S and 13.68°N and 82.00°W and 32.96°W. In this study, the occurrence of the MCS in the Paute basin is investigated; therefore, the time resolution of 3 hours of GridSat-B1 is su cient for the spatial detection of the MCS.
For the analysis of the climatology of the thermodynamic (CAPE in J/kg and CIN in J/kg) and dynamical variable Omega in Pa/s on 2.5°× 2.5°resolution, data were downloaded from NOAA-CIRES 20th Century Reanalysis version 2 [22] 
Methods
Features such as the cloud area maximum extent size, cloud area maximum extent time occurrence, and the geographical location were analyzed to assess the climatology of MCSs in Advances in Meteorologythe PB. To characterize the climatology of thermodynamic and dynamical variables which may in uence MCS development, the diurnal cycle of CAPE, CIN, and Omega was studied using information at 01:00, 07:00, 13:00, and 19:00 LST (LST Ecuador UTC − 5 h). en, it was linked to the diurnal cycle of MCSs and further related to their variability during the year. To study the MCS teleconnections, the previously studied precipitation teleconnections such as SST in the Paci c and the Atlantic Ocean were evaluated. us, for MCSs with maximum extend on the west of the PB, towards the coastal plains, the teleconnections with tropical Paci c SST were studied [24, 25] . On the contrary, for MCSs developed on the east of the PB, the teleconnections related to tropical Atlantic SST were studied [26] . A concise description of the di erent methods used is given in the following sections.
MCS Detection.
For the detection of the MCS, the method presented by Bendix et al. [14] was used with slight adaptations to the speci cations of this study.
e BRT thresholds for the cloud shield and for active convection were set to 241 K and 220 K, respectively, while the thresholds for the cloud area (2000 km 2 ) and eccentricity were maintained ( Figure 2 ). Furthermore, the maximum distance from the center of the Paute basin (78.8177°W, 2.7874°S) to the center of the detected cloud, here the centroid of the cloud area is meant, was set to 150 km. For each classi ed MCS entity, morphological and intensity parameters are estimated, including the cloud area (km 2 ), the perimeter (km), the coldest BRT of the cloud (K), the distance to the reference point (km), and the position in the northeast (NE), northwest (NW), southeast (SE), and southwest (SW) to the reference point, and are returned by the algorithm.
Climatology of the MCS.
To study the climatology of MCSs in uencing the PB, the seasonality of MCSs was rst determined using box-and-whiskers plot for each month ( Figure 3) . Afterwards, the monthly mean number of MCSs occurring in NE, SE, NW, and SW quadrants was calculated in order to identify MCS main geographic sources of inuence, which in turn may be linked to di erent synoptic conditions either convective or subsiding ( Figure 4) . en, the diurnal cycle of MCS occurrence in the PB was evaluated by month. is was determined by calculating the average number of MCSs at its maximum extend occurring in each hour of the day on each month of the year ( Figure 5 ). Finally, the MCS size absolute frequency and relative frequency were determined for each month. For the absolute frequency, the number of MCSs for each bin on each month was calculated. For the relative frequency, the number of MCSs for each bin on each month was divided by the total number of MCSs occurring on the respective month ( Figure 6 ).
Climatology of ermodynamic and Dynamical Variables
In uencing MCS Development. Variables used for the explanation of MCS formation are CAPE, CIN, and Omega. CAPE is the maximum buoyancy of an air parcel which is related to the potential updraft strength of a thunderstorm. CIN is a measure of the negative buoyancy that needs to be exceeded to initiate convection. Given that mesoscale convection may be constrained by large-scale conditions, the vertical velocity in pressure coordinates (omega (dp/dt)) at 600 hPa was analyzed, considering that upward (downward) air motion enhances (inhibits) convection.
e monthly climatology of CAPE, CIN, and Omega (Figures 7-9 , resp.) was generated for 01:00 LST, 07:00 LST, 13:00 LST, and 19:00 LST for the area between 82°W and 76°W and zonally averaged from 0°to 4°S. Precipitation teleconnections in Ecuador vary depending on the region [24, 26, 27] . For instance, precipitation in the coastal plains, west of the PB, is related to the sea surface temperature along the tropical Paci c. e SST in the El Niño 1 + 2 region was related to strong anomalies of precipitation in the coast mainly before the year 2000 [24, 26] . Campozano et al. [28] , using the January-to-April cumulative TRMM precipitation estimates from 1999 to 2014, showed that the rst principal component of precipitation in Ecuador is correlated to the Trans El Niño index, which is given by the di erence between the normalized SSTanomalies averaged in the Niño 1 + 2 and Niño-4 regions [29] , thus measuring the gradient of anomalous SST between both regions. e teleconnections between the cumulative area of the MCS and ENSO indices such as SST in the regions Niño 1 + 2, Niño 3.4, and TNI were evaluated on the west of the PB (MCS-W). e MCS monthly time-series anomalies were obtained by removing the trend. It was achieved by using a Fourier tting to the time series in the rst place and then removing the lower frequencies. Finally, a 3-month moving average was applied. Advances in Meteorologye teleconnections were evaluated by correlating the MCS-normalized time series with SST Niño 1 + 2, SST Niño 3.4, and TNI. To study the teleconnections of MCSs east of the PB, the approach of Vuille et al. [30] was followed. Vuille et al. [30] showed that, during most of the year, the precipitation variability along the east of the Ecuadorian Andes is positively correlated to the tropical Atlantic SST anomalies south of the intertropical convergence zone and negatively correlated to the north. On the contrary, it is well known [24, 26] that SST in the tropical Pacific inversely affects the precipitation in the western Amazon. erefore, following Vuille et al. [30] , Atlantic SST data from 60°W to 10°E and 30°N to 30°S monthly anomalies were obtained by subtracting the mean monthly values for the 01-2000 to 12-2009 periods. en, the principal components of the anomalies were calculated using the library Climate Data Operators (CDO 2018: Climate Data Operators, available at: http:// www.mpimet.mpg.de/cdo). Finally, the 3-month moving average of main PC score time series was correlated with 3-month moving average normalized anomalies of MCSs on the east of the PB (MCS-E).
Results and Discussion

Climatology of the MCS
Seasonality.
e multiyear annual mean of MCSs in the PB is ca. 487 MCSs/yr. At the monthly scale, the monthly mean MCS occurrence in the PB is shown in Figure 3 . e bimodal intra-annual variability of MCSs in the study region follows the bimodal rainfall seasonality, which is influenced by the ITCZ displacement [11] . Bendix et al. [14] showed a similar seasonality of MCS occurrence in a study conducted in the Rio San Francisco Valley, close to the ECSF meteorological station, 3°5′22″S, 79°04′52″W, 1957 m ASL, situated in the foothills of the southern Andes in Ecuador. However, their study was based on only 3 years of satellite images. Similarly, Jaramillo et al. [3] found that the seasonality of MCSs is bimodal across the western Amazon using TRMM data. e results reveal that the annual course of ITCZ-related atmospheric conditions, such as atmospheric stability and changes in wind field, generally modifies the local occurrence of MCS formation. Figure 4 shows the number of MCS occurrences per NE, SE, NW, and SW quadrants around the center of the PB. A striking feature is that the eastern quadrants present much more MCS occurrences, suggesting that MCSs coming from the Amazon and the eastern flanks of the eastern cordillera influence tend to dominate PB's convective systems. Only during February to April (wet season over the coast), the western quadrants show a similar occurrence of MCSs to the eastern quadrants.
MCS Geographical Location.
e predominance of MCSs throughout the year in the eastern quadrants (Figure 4 ) supports the hypothesis that precipitation in the PB is mainly due to the Amazon influence enhanced by the easterlies [11] . On the contrary, the western influence of MCSs is important for the PB, from February to April, especially in March, during the rainy season of the coastal plains. e influence of the South Pacific anticyclone, which is responsible for atmospheric stable stratification during the second half of the year in the coastal plains, suppresses MCS development in the dry season in the western quadrants of the PB.
Monthly Diurnal Cycle.
e diurnal cycle of the MCS maximum extent averaged by month is presented in Figure 5 . It is clearly depicted that nighttime occurrence is much higher, with an occurrence peak at 00:00 LST. is fact is more evident during the rainy seasons March-April and October-November. In order to examine the factors leading to MCS development during the nighttime, further analyses of thermodynamic and dynamical variables is conducted in Section 5.2. Bendix et al. [14] found a similar nighttime occurrence of MCSs in the Rio San Francisco Valley in the southern part of Ecuador. e Rio San Francisco Valley is oriented in the southwest-northeast direction, located close to the ECSF meteorological station. Bendix et al. [14] reported a secondary maximum occurrence of MCCs from 01:00 to 04:00 LST. It is important to point out that, despite the nocturnal occurrence of MCSs, the diurnal cycle of precipitation in the inter-Andean valleys is mainly driven by the afternoon convection, with a peak around 16:00 LST [7, 11, 31] .
Romatschke and Houze [32] showed that, in the eastern foothills of the Andes towards the Amazon, nocturnal convective systems are more frequent than daytime convective systems. It was hypothesized that local small-scale effects, specifically nocturnal downslope winds, a result of the divergence over the mountains, lead to convection at the foothills. Indeed, Trachte et al. [13] conducted a detailed study of the development of an MCS in the Rio San Francisco Valley located in the eastern escarpments of the Andes. ey proved that the interaction of the drainage katabatic flows of the Andean drainage system with the warm-moist air of the Amazon induces flow confluence causing compressional lifting, which later leads to nocturnal cloud clusters. Figure 6(a) shows the monthly absolute frequency per bin size. Of note is that February-April and October-November show larger MCSs on each bin size. However, the relative size distribution (Figure 6(b) ) is more uniform throughout the year suggesting that, during the months with more MCSs, more repetitions of the same distribution occur. A more detailed analysis of the MCS monthly 25th, 50th, and 75th size percentiles is presented in Table 1 . e multiannual 25th, 50th, and 75th percentiles of the MCS's area are 2989 km 2 , 5063 km 2 , and 11,712 km 2 , respectively. Notwithstanding, the 25th and 50th percentiles show a small variation throughout the year. However, the 75th size percentile is 6% higher than the multiannual median in March and September, 19% higher in June (largest month), and 15% lower in December. Note that the highest 75th size percentile occurs in June. e large MCS's size is coincident with the rainy seasons February-April and October-November. e study of MCS seasonal size variation was conducted by [3] with special focus over Colombia. ey found that, over the Caribbean Sea and the Pacific Ocean, MCS's size showed a small variation during the year. In contrast, the seasonal variation of MCSs over the continent was considerably large. Specifically, over the Colombian territory, Jaramillo et al. [3] showed that the largest MCSs occurred during the MarchApril season (average area 21,442 km 2 ). In the Amazon region, they found that the largest MCSs tend to occur during December-February (average area 27,017 km 2 ).
MCS's Size Distribution.
Climatology of CAPE, CIN, and
Omega. e monthly climatology of CAPE (in J/kg), CIN (in J/kg), and Omega at 01:00 LST, 07:00 LST, 13:00 LST, and 19:00 LST was used to relate the MCS formation to the atmospheric conditions on longer terms average. e values of the CAPE are depicted in Figures 7(a)-7(d) . e black line in the figure depicts the longitudinal location of the PB. In general, the CAPE pattern at 01:00, 07:00, 13:00, and 19:00 LST differs between both sides of the PB, with higher values over the eastern Amazon sectors (longitude 76W). CAPE values at 01:00 LST (Figure 7(a) ) are low across the longitudinal transect, limiting the capabilities of the formation of MCSs. CAPE values at 07:00 LST (Figure 7(b) ) display low values on the western and eastern sides of the PB, suggesting that a relatively low energy for convection is available early in the morning, hindering the development of MCSs. is condition is more common during June-August, when low CAPE values are observed over the Amazon. CAPE at 13:00 LST (Figure 7(c)) shows a large longitudinal contrast of CAPE with the Andes as boundary. To the east of the Andes and into the Amazon, Advances in Meteorology values of CAPE over 800 J/kg are displayed from February to April, with CAPE increasing eastward. ese high values of CAPE are related to the increase of MCS development during the afternoon. From June to August, CAPE reduces to around 600 J/kg, with a corresponding reduction of MCS activity in the afternoon. CAPE values increase again in September and October, when there is a corresponding increase in MCS activity. From 13:00 to 19:00 LST and over the west side of the PB, lower CAPE values are observed likely due to midlevel warm air advection from the Andes. e latter likely explains the higher occurrence of MCSs during the night, especially in the periods February to April and September to December in the Amazon region.
e monthly climatology of CIN is shown in Figures 8(a)-8(d) , averaged for 01:00 LST, 07:00 LST, 13:00 LST, and 19:00 LST. CIN values from 0 to −50 are considered weak, from −50 to −200 moderate, and <−200 strong. roughout the year, the CIN tends to be moderately intense during the night, except during February-April, when the CIN decreases between −60 and −80. Over the western side of the Andes and early in the morning, CIN is moderately intense during January-September and weak during October-December. Notwithstanding, CAPE values at this time are lowest in the Amazon side limiting the possibility of the development of MCSs. At 13:00 LST (Figure 8(c) ), throughout the year, the CIN values at the west side of the PB are moderate but are weak between November and December, coinciding with the beginning of the rainy season in the coastal region. Similarly, the CIN values are weak, all year round, on the Amazonianinfluenced east side of the PB, which together with the bimodal signal of CAPE might account for the afternoon convection. e CIN values at 19:00 LST (Figure 8(d) ) are similar to the values obtained at 13:00 LST, which affects sides of the PB and throughout the year. e situations depicted by the CAPE and CIN analyses may be conditioned by Omega. Figures 9(a)-9(d) show the Omega monthly climatology at 01:00 LST, 07:00 LST, 13:00 LST, and 19:00 LST. As it can be observed from Figures 9(a is fact may support the development of convective activity. On the contrary, much lower values of Omega ascending velocity are shown during the same months at 7:00 LST and 13:00 LST (Figures 9(b) and 9(c) ). Interestingly, subsidence is present at 07:00 LST and 13:00 LST (Figures 9(b) and 9(c) ) during June, July, and August, which is in agreement with the least active season of MCS development.
Teleconnections for MCS Development in the Paute Basin
Tropical Atlantic SST Influence on MCS Development.
In Table 2 , the statistics of the first 10 PCs are shown. e highest correlation (Pearson correlation 0.51) between MCS-E and PC score time series is achieved with the 2nd PC, which accounts for 17.70% of the explained variance and together with the PC-1 accounts for 40.25% of the explained variance. In Figure 10 , the PC2 of the tropical Atlantic SSTA region 60°W to 10°E and 30°N to 30°S is presented. e spatial loading pattern of PC-2 depicts positive Atlantic SST anomalies from 5°N to 15°S (Figure 10 ). is pattern corresponds to the second varimax-rotated PC of Vuille et al. [30] , with the first EOF of [33] and the EOF1 of [34] for the South Atlantic domain. is mode represents an in-phase SST response over the entire tropical South Atlantic with the strengthening and weakening of the subtropical anticyclone [34] . e normalized PC-2 score time series and detrended MCS-E time series are shown in Figure 11 (Figure 11(b) ). For instance, in November 2001, TNI registers 1.3 negative standard deviation anomaly, which is the second lower value behind June 2007 during the study period. For April 2008, TNI shows a positive anomalous value of 2.25 standard deviations, which belongs to the extremely wet episode in the coast of Ecuador [26] . Moreover, following Campozano et al. [11] , extreme positive values of TNI imply wet conditions in Ecuador, whereas extreme positive values of Niño 1 + 2 represent wet conditions in the coast and dry conditions in the Amazon; thus, both are Pacific competing influences for rainfall in Ecuador.
Tropical Pacific Influence on MCS Development.
e influence of SST along the tropical Pacific on the MCS developed on the western region of the PB can be best illustrated by Figure 11 (b). In Figure 11 (b), the time series of TNI Fourier-detrended normalized anomalies and MCSnormalized detrended anomalies is shown (Pearson correlation 0.44). e normalized values greater/lower than 0.5/−0.5 standard deviations are shown. e contrasting patterns between the MCS-E and MCS-W (Figures 11(a) and 11(b) ), respectively, are due to the different climatic influences on both sides of the Andes. Given that the effect of ENSO in Ecuador is mainly confined to the coastal area [24, 26] , it is expected that, during ENSO phases, mainly MCS-W be affected. A clear sign of ENSO influence on MCS-W during the 2008 event is shown in Figure 11 [35] .
On the seminal study of Velasco and Fritsch [36] , they used one year (05-1982/05-1983) of MCS data during an El Niño year. In South American midlatitudes, they found that, during the El Niño period, the number of MCCs was more than double the number than in the non-El Niño year (05-1982/05-1983) , showing the impact of ENSO on MCC development. Moreover, they found an increase of MCS along the Peruvian coasts, due to the anomalous increase of SST in the Niño 1 + 2 region. Mean  P25  2806  2867  3050  3050  3187  3050  2928  3142  3004  2928  2928  2867  2989  P50  4728  4758  5246  5002  5612  5246  4758  5734  5368  5368  5002  4514  5063  P75 11 
Conclusions
Mesoscale convective systems (MCSs) are related to large amounts of precipitation often inducing flash floods and raininduced landslides, with further negative impacts on the infrastructure and socioeconomic welfare. is paper examined the climatology of MCSs, the climatology of thermodynamic and dynamical variables, and teleconnections of MCS development in the Paute basin, an inter-Andean river basin in southern Ecuador. e climatologic analysis of MCS occurrence shows a clear bimodal pattern, with higher occurrences of MCSs in March-April (MA) and October-November (ON), analogous with the bimodal character of the large-scale rainfall seasonality in the region.
e easterlies are responsible for the basin preferentially receiving MCSs mainly from the east all year round, except during the El Niño periods when the number of MCSs developed in the coastal plains increases considerably. e diurnal cycle of the MCSs reveals a clear nocturnal occurrence of MCSs during both convectively active periods. Despite the fact that the MCS occurrence is bimodal, the seasonal distribution of the size of the MCSs remains almost constant throughout the year. e climatology of thermodynamic variables in the Amazon shows persistent high convective available potential energy and weak convective inhibition values from midday to nighttime, which seems to be related to the nocturnal formation of MCSs during MA and ON.
With respect to MCS teleconnections, the occurrence of MCS variability in the east of the Paute basin is positively correlated to the tropical Atlantic sea surface temperature south of the equator, linked to the strengthening and weakening of the Atlantic subtropical anticyclone. Main departures from this correlation are linked to anomalous conditions in the tropical Pacific, which are mainly related to ENSO. On the western side of the Paute basin, using the Trans-Niño index, it was shown that the MCSs developed on the west of the PB respond positively to the dynamics of ENSO, thus explaining, to a certain extent, the interannual variability of MCSs in the region of study.
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